Abstract Two new antibiotic depsipeptides, unnarmicins C (1) and A (2), were isolated from the fermentation broth of a marine bacterium, Photobacterium sp. strain MBIC06485. The structure of 1 was established by spectroscopic studies and chiral analyses of its chemical degradation/conversion products, and that of 2 by comparing its NMR, MS, and CD data with those of 1. Both compounds selectively inhibited the growth of two strains belonging to the genus Pseudovibrio, one of the most prevalent genera in the marine environments within the class Alphaproteobacteria.
Introduction
Gram-negative bacteria, especially those belonging to Alphaproteobacteria or Gammaproteobacteria are among the most abundant in the marine environment [1] . However, most studies on metabolites from marine bacteria have been made on Actinomycetes, largely as a reflection of historically proven success with their terrestrial counterparts [2ϳ5] . To exploit the greater potential of marine microbial sources for biomedical applications, we have focused our research interest on unexploited/underexploited taxa for their bioactive metabolites. The results include discovery of cytotoxins from two strains belonging to Thermoactinomycetaceae genera [6ϳ8] and from the Gammaproteobacterium, Pelagiobacter variabilis [9] , antibiotic fatty acid derivatives from the Gammaproteobacteria, Pseudoalteromonas sp. [10] and Vibrio gazogenes [11] , anti-cyanobacterial peptides from the Alphaproteobacterium, Sphingomonas sp. [12, 13] , hydroxamate siderophores from Pseudoalteromonas sp. [14] and the Bacteroidetes, Tenacibaculum sp. [15] , and a xanthine oxidase inhibitor from the Alphaproteobacterium, Agrobacterium aurantiacum [16] .
In our antibacterial screening of marine bacterial fermentation products against several strains of cosmopolitan marine bacteria, a fermentation extract of an isolate identified as a new Photobacterium (Gammaproteobacteria) showed selective growth inhibition against two strains of Pseudovibrio, one of the most common Alphaproteobacterial genera frequently isolated from the marine environments. This strain is closely related to Photobacterium leiognathi ATCC25521 T (95% identity based on the 16S rRNA gene sequence), a light organ symbiont for the Leiognathid fish and several other invertebrates [17] . The active components responsible for this unique antibacterial profile were found to be a series of new depsipeptides which were designated as unnarmicins. The taxonomy of the producing organism and fermentation, isolation, and elucidation of the structure study of unnarmicins C (1) and A (2) (Fig. 1) are described below.
Results and Discussion

Taxonomy of Strain MBIC06485
Cells were facultatively anaerobic, motile, polar-flagellated, Gram-negative bacilli with a size of 2.8ϳ3.1 mm in length and 0.6ϳ0.7 m m in width. Spores were not formed. Colonies grown on Marine Agar 2216 were circular, flattened with a wavy surface, white in the center and translucent at the growing edge. The optimal temperature range for growth is 25ϳ30°C. The pH range for growth was 5ϳ10, optimally 6ϳ9. NaCl was required for growth in the range of 1.0ϳ7.0%. Tests for enzymatic activities were positive for urease, oxidase, and catalase, but negative for b-galactosidase. Nitrate was reduced. DNA and starch were hydrolyzed but not esculine. Utilization of citric acid was positive, but hydrogen sulfide and indole production were negative. Acid was produced from A chiral analysis of the amino acid components in 1 after derivatizing its acid-hydrolysate with L-FDAA (ϭ(5-fluoro-2,4-dinitrophenyl)-L-alaninamide, Marfey's reagent) revealed the presence of L-Leu and an enantiomeric pair of Phe (Scheme 1). To specify the stereochemistry of each Phe residue, 1 was reduced by LiBH 4 and resulting linear product 3 was subjected to the same analytical protocol. Since a new peak (Rt 25.1 minutes, attributable to Lphenylalaninol : L-Phl) appeared in exchange for the disappearance of the L-Phe peak (Rt 23.2 minutes), L-and D-stereochemistry were assigned for Phe 1 and Phe 2 , respectively.
The absolute configuration of C3 in Hoa was determined by applying the modified Mosher method to 3. The plus and minus D d values consistently resided towards the w-and carboxyl termini, respectively (Fig. 3) , enabling the R-configuration to be concluded for this stereocenter.
The HRFAB-MS spectrum for 2 gave a molecular ion at m/z 635.3812 ([MϩH] ϩ , calcd. for C 36 H 51 N 4 O 6 , 635.3809, ϩD 0.3 mmu), revealing the molecular formula of 2 to be two methylene units smaller than that of 1. An analysis of the NMR data for 2 immediately disclosed that this difference was due to replacement of the Hoa unit in 1 with a 3-hydroxyhexanoyl (Hha) group. The stereochemistry of 2 was concluded to be the same as that of 1 based on a CD spectral comparison, in which 1 and 2 showed almost identical spectra (Fig. 4) . The antibacterial activity of 1 and 2 against two Grampositive bacteria (Firmicutes) and seven halophilic Gram negative bacteria belonging to Bacteroidetes, Alphaproteobacteria, and Gammaproteobacteria were evaluated by a plate diffusion assay. As summarized in Table 2 , the peptides specifically inhibited the growth of two Pseudovibrio strains (Alphaproteobacteria). Such unique action suggests potential application of the peptides, in combination with korormicin [10] which is a selective antibiotic against halophilic Gammaproteobacteria, as an ideal selection additive to media to suppress fast-growing bacteria that often dominate on solidified media and hamper the isolation/purification of slow-growing colonies. The few precedents of secondary metabolites identified from Photobacterium are all pteridines [18, 19] , thus the discovery of the unnarmicins demonstrates a rather richer biosynthetic potential for this genus. Details of the biological properties of 1 and 2 will be published elsewhere.
Experimental
General Experimental Procedures
Optical rotations were measured with a Horiba SEPA-300 high sensitivity polarimeter. UV and IR spectra were obtained with Beckman DU640 and Jasco FT-IR 7000 spectrophotometers, respectively, whereas CD spectra with Jasco 
Producing Microorganisms and Fermentation
Photobacterium sp. strain MBIC06485 was isolated from coastal seawater collected off Onna Beach, Okinawa, Japan. A subculture of this isolate has been deposited at National Institute of Technology and Evaluation (Kisarazu, Chiba, Japan) with accession number NITE P-62. To produce the unnarmicins, a 2-ml seed culture of strain MBIC06485 grown in Marine Broth 2216 (Difco) was transferred to 300 ml of the same medium in a 1-liter baffled Erlenmeyer flask. The flask was shaken at 100 rpm and 30°C for 4 days before harvesting the fermentation products.
Isolation of 1 and 2
The fermentation broth was centrifuged at 6000 rpm for 20 minutes to remove the bacterial cells. The resulting supernatant (10 liters) was extracted with EtOAc and the extract was dried over anhydrous Na 2 SO 4 , after which the solvent was removed in vacuo to give an oily solid (780 mg). This material was fractionated by SiO 2 chromatography using isocratic elution with CHCl 3 : MeOH (20 : 1), and the combined antibacterial fraction (50 mg) against Pseudovibrio sp. MBIC3368 was purified by reversed-phase HPLC (Shiseido CAPCELL PAK C18 UG120 column, 20ϫ250 mm, 60% aq MeCN as a solvent, detection at 210 nm) to yield 1 (6.0 mg) and 2 (3.7 mg). Table 1 .
Antibacterial Assay
The antibacterial activities of 1 and 2 was evaluated by the paper disk method. A liquid culture of each test strain (4.0 ml, cultured for 24 hours) was smeared with a sterile cotton-tipped swab onto a Marine Agar 2216 (Difco) or Nutrient Agar (Difco) medium using a sterile cotton-tipped swab. Methanolic solutions of the peptides were prepared at concentrations of 1.0 and 0.2 mg/ml, and a 13 m l-aliquot from each solution was applied to a 6 mm-paper disk. The disks were air-dried for 10ϳ20 minutes and then transferred to the test plates, which were incubated at 30°C for 24 hours. The antibacterial potency of each peptide was evaluated by measuring the diameter of the generated inhibitory zones.
Chiral Analysis of the Component Amino Acids in 1
A 50-m g portion of 1 was hydrolyzed in constant-boiling hydrochloric acid (6 N, 200 ml) at 105°C for 19 hours in a N 2 atmosphere. The dried acid hydrolysate, which was obtained after removing hydrochloric acid under a stream of N 2 , was dissolved in 0.1 N aq NaHCO 3 (100 m l) and reacted with L-FDAA (0.1% solution in Me 2 CO, 50 ml) at 50°C for 30 minutes. The reaction was quenched with 0.2 N hydrochloric acid (50 ml) and the mixture was diluted with 50% aq MeCN containing 50 mM NH 4 OAc (100 ml) to give an analyte solution. A 10-m l aliquot of this solution was analyzed by reversed-phase HPLC on a Cosmosil AR-II column (4.6ϫ150 mm) with the elution program of 15% MeCN -50 mM NH 4 OAc for 5 minutes (1.0 ml/minute flow rate), 0.67%/minute concentration gradient of MeCN to 45%, and then an 11%/minute gradient to 100%, and the same concentration held for 5 minutes. Analytical standards were prepared from 0.1 mg each of authentic amino acids with the same derivatization procedure as that already described. 
